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Commissioner for Patents 
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Alexandria, VA 22313-1450 



In response to the Notification of April 7, 2005, Appellants file herewith a Second 



Corrected Appeal Brief. Appellants note that all of the issues raised in the April 7, 2005 Office 
Action could all have been raised in a January 12, 2005 Office Action regarding the first appeal 
brief filed. 



Furthermore, three issues were raised in the Notification of April 7, 2005. The 



first related to the status of the claims. The only "error" Appellants could identify here was that 
the heading was "STATUS OF THE CLAIMS" rather than "STATUS OF CLAIMS." 
Appellants further clarified that all of the rejected claims were appealed, but this was already 
indicated in the introduction of the Brief and was obvious in context. 



The second issue related to the statement of grounds of rejection appealed. Here, 



Appellants had used the older heading of "ISSUES" rather than "GROUNDS OF REJECTION 
TO BE REVIEWED ON APPEAL." But the rules do not require a particular heading but only 
an "appropriate heading." 37 C.R.F. 41.37(c)(1). Especially given that the Office did not note 
this in the January 12, 2005 Office Action, no explanation was presented why Appellants' 
heading was not appropriate. The heading was amended in the Second Correct Appeal Brief. 



Sir: 
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Finally, the Notification of April 7, 2005 indicated that a decision in a related 



appeal was not attached. Appellants had noted that the issues in the two cases were unrelated 
since they do not involve the same art at all. Nevertheless, the second corrected appeal brief has 
the decision attached. 
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REAL PARTY IN INTEREST 
NanoGram Corporation, a corporation organized under the laws of the state of Delaware, 
and having offices at 291 1 Zanker Road, San Jose, California, has acquired the entire right, title 
and interest in and to the invention, the application, and any and all patents to be obtained 
therefore, as per the Assignment, recorded at Reel 010198, Frame 0778 from the inventors to 
NeoPhotonics Corporation and an assignment from NeoPhotonics Corporation to NanoGram 
Corporation, recorded at Reel 013957, Frame 0076. Note that NeoPhotonics Corporation was 
formerly called NanoGram Corporation, and the present NanoGram Corporation was previously 
a wholly owned subsidiary of NeoPhotonics Corporation following the formal name change. 
The present NanoGram Corporation is now an independent corporation, but affiliated with the 
earlier NanoGram Corporation, now named NeoPhotonics Corporation. 



RELATED APPEALS AND INTERFERENCES 
The parent case 08/962,362 filed on October 3, 1997 was the subject of an earlier appeal. 
Specifically, Application 08/962,362 was subject of Appeal 2001-2242, decision of which is attached as 
Appendix 3. This earlier decision is attached even though the issues are not directly related The parent case 
was recently appealed for a second time, but the parent case has re-enter prosecution and is not presently on 
appeal. A child case 09/970,279 filed on October 2, 2001 is presently under appeal, but none of the 
issues in the two cases overlap. The child application 09/970,279 is directed to apparatuses with 
multiple inlet nozzles. 



3 



Attorney Docket No. 2950.08US02 



STATUS OF CLAIMS 

Claims 1-5, 7-9 and 25-30 are pending and stand rejected. All of the rejectioned claims are 
presently appealed. Claims 6, 10-24 and 31-40 have been canceled. The pending claims are listed 
in Appendix 1 . 

STATUS OF AMENDMENTS 
All amendments have been entered. 

SUMMARY OF THE INVENTION 

The present invention relates to highly uniform collections of nanoscale crystalline zinc 
oxide particles. Several forms of zinc oxide are described. An embodiment of the improved zinc 
oxide particles are shown in a micrograph in Fig. 16, which does not make use of reference numbers 
on the photograph according to standard convention since the particles are clearly identifiable. 

The method of production claims from the application as filed were restricted out from the 
present application. These method claims were directed to a laser pyrolysis approach for the 
generation of zinc oxide. Laser pyrolysis can be very effective at the production of highly uniform 
particles due to a highly localized reaction zone. In particular, the reaction is rapidly quenched as 
the flow leaves the light beam. Laser pyrolysis is described throughout the Appellants 1 
specification. In particular, see page 6, line 20 to page 8, line 13 and the Example as well as 
suitable apparatuses for performing the method in Figs. 1-8. 

An example of particle size distribution is plotted in Fig. 17 for the zinc oxide particles 
described in the example. In general, the uniformity of the zinc oxide particles is claimed based on 
two distinct ways of describing the uniformity. In claim 1, the uniformity is described based on the 
drop off of the distribution away from the average particle diameter. To put the description in 
reverse, less than 5 percent of the particles have a diameter greater than about 160 percent of the 
average particle diameter, and less than 5 percent of the particles have a diameter less than about 40 
percent of the average diameter. These conditions indicate that the particle size distribution is 
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sharply peaked near the average diameter and specify the criteria to evaluate if it is sharply peaked 
enough to fall within the claims. 

The second way to specify the uniformity is the subject of claims 4, 5, and 25. As this is 
sometimes put, there are no "boulders." In the nano-world, a boulder is of course very small. More 
specifically, in these claims the particle size distribution is described as lacking a tail in the 
distribution at larger diameters. Thus, the distribution is cut off abruptly with a specific cut-off in 
diameter specified in the claims. This feature is very difficult to achieve since most approaches for 
forming particles involve a chemical equilibrium with a corresponding distribution that drops off 
gradually. The laser pyrolysis process is inherently a non-equilibrium process and does not have 
these limitations. Only a very few other approaches are able to form a very limited number of other 
inorganic particles with this lack of a tail. Other approaches have not been known to form such 
uniform zinc oxide. The properties of the particles are described further in the specification, for 
example, at page 32, line 34 to page 36, line 7. 

Claims 7-9 and 30 are directed to the use of the zinc oxide in resistors, varistors and specific 
forms thereof. Applicants 1 specification describes these electrical components, for example, at page 
40, lines 17 to page 41, line 3. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 
1. Whether claims 1-5, 7-9 and 25-30 are anticipated by U.S. Patent 6,200,680 to 
Takeda et al.? 

GROUPING OF CLAIMS 

This section is not required by the rules and is included for the convenience of the Board 
with respect to evaluating the analysis below. 

Claims 1-3, 27 and 29 are within a first claim group directed to a uniform collection of 
crystalline zinc oxide particles. 
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Claims 4, 5 and 25 are within a second claim group directed to uniform collections of 
crystalline zinc oxide particles with no large particles. 

Claims 7, 8 and 9 are within a third group of claims directed to resistors elements 
comprising collections of crystalline zinc oxide particles. 

Claim 26 is within a fourth claim group directed to a varistor with non-linear voltage 
dependence. 

Claim 28 is within a fifth claim group directed to a collection of particles that are not 
elongated. 

Claim 30 is within a sixth claim group directed to a collection of particles comprising Zn0 2 . 

ARGUMENT 

The Examiner rejected claims 1-5, 7-9 and 25-30 under 35 U.S.C. § 102(e) as being 
anticipated by U.S. Patent 6,200,680 to Takeda et al. (the Takeda patent). A copy of the Takeda 
patent is found in Appendix 2. The Examiner asserted that the Takeda patent explicitly or 
inherently disclosed all of the features of Applicants 1 claimed invention. Appellants maintain 
strenuously that the Examiner has fallen far short of establishing prima facie anticipation of any of 
Appellants' claims. Appellants respectfully request reconsideration of the rejections based on the 
following arguments. 

A. Legal Background 
1. Burden of Persuasion 

The Examiner has the burden of establishing a prima facie case of anticipation. As such, 
the Examiner must provide a reference that discloses every element as set forth in the claim. "A 
claim is anticipated only if each and every element as set forth in the claim is found, either 
expressly or inherently described, in a single prior art reference." Verdegaal Bros, v. Union Oil 
Co. of California . 814 F2d. 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987) (MPEP §2131). 
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2. A Single Reference Must Identically Disclose Every Element Set Forth In a Claim To 
Anticipate The Claim 

"In order to constitute anticipatory prior art, a reference must identically disclose the 
claimed compound..." MPEP 2122 citing In re Schoenwald , 22 USPQ2d 1671, (Fed. Cir. 1992). 
"For a prior art reference to anticipate in terms of 35 U.S.C. § 102, every element of the 
claimed invention must be identically shown in a single reference. These elements must be 
arranged as in the claim under review, but this is not an 'ipsissimis verbis' test." In re Bond , 15 
USPQ2d 1566, 1567 (Fed. Cir, 1990)(Internal citations omitted and emphasis added.). 

"If the prior art reference does not expressly set forth a particular element of the claim, 
that reference still may anticipate if that element is 'inherent' in its disclosure. To establish 
inherency, the intrinsic evidence 'must make it clear that the missing descriptive matter is 
necessarily present in the thing described in the reference, and that it would be so recognized by 
persons of ordinary skill. Inherency, however, may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
not sufficient.'" In re Robertson . 49 USPQ2d 1949, 1950, 1951 (Fed. Cir. 1999), citing 
Continental Can Co. v. Monsanto Co. . 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). 

"Every element of the claimed invention must be literally present, arranged as in the 
claim. The identical invention must be shown in as complete detail as is contained in the 
patent claim." Richardson v. U.S. Suzuki Motor Corp. . 9 USPQ2d 1913, 1920 (Fed. Cir. 
1989)(Internal citations omitted, and emphasis added.); see also MPEP 2131. "Here, as well, 
anticipation is not shown by a prior art disclosure which is only 'substantially the same' as the 
claimed invention." Jamesbury Corp. v. Litton Industrial Products. Inc. . 225 USPQ 253, 256 
(Fed. Cir. 1985)(emphasis added). 

Similar requirements also hold under an obviousness rejection. Prima facie obviousness is 
not established if all the elements of the rejected claim are not disclosed or suggested in the cited art. 
In re Ochiai . 37 USPQ 1 127, 1 131 (Fed. Cir. 1995). ("The test for obviousness vel non is statutory. 
It requires that one compare the claim's 'subject matter as a whole' with the prior art 'to which said 

i 
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subject matter pertains." 1 ). See also, MPEP 2143.03 "All Claim Limitations Must Be Taught or 
Suggested," citing In re Rovka 180 USPQ 580 (CCPA 1974). "To establish prima facie 
obviousness of a claimed invention, all of the claim limitations must be taught or suggested by the 
prior art.' 1 MPEP 2143.03. 

3. Compositions Of Matter 

It is long established that a composition of matter is indistinguishable from its properties. ]n 
re Papesck 137 USPQ 43, 51 (CCPA 1963); In re Cescon . 177 USPQ 264, 266 (CCPA 1973). 
There are two types of properties, chemical/compositional properties and physical properties. The 
chemical/compositional properties of the composition of matter determine what the material is, 
while the physical properties relate to the interaction and behavior of the composition of matter. 
Often unique or unexpected physical properties are used to establish the existence of an unobvious 
composition when chemical/compositional properties either are unknown or do not fully represent 
the unobviousness of the composition. However, discovery of a surprising or unexpected physical 
property does not necessarily control an obviousness determination, and all the evidence under the 
Graham factors must be considered. See, for example, Richardson- Vicks v. Upjohn Co. . 44 
USPQ2d 1181, 1187 (Fed. Cir. 1997). In the present case, the claims do not relate to the 
discovery of properties of previously known or suggested materials. 

These issues regarding properties of compositions of matter were considered explicitly in 
the context of chemical powders in In re Grose . 201 USPQ 57 (CCPA 1979). The specific issue in 
the Grose case was the crystal structure of zeolites in a collection of zeolite particles. Crystal 
structure, like particle size distribution or chemical formula, is a chemical/ compositional 
property of the composition of matter. The zeolites in the Gross case were collections of 
particles, i.e., a powder. The relevant issues are well stated in In re Grose : 

Though nonobviousness of appellants' process for preparing their claimed 
composition would not be determinative of nonobviousness of the composition, a 
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holding that the composition would have been nonobvious would require that the 
prior art fail to disclose or render obvious a process for preparing it. 

[I]f the prior art of record fails to disclose or render obvious a method for 
making a claimed compound, at the time the invention was made, it may not 
be legally concluded that the compound itself is in the possession of the 
public. In this context, we say that the absence of a known or obvious 
process for making the claimed compounds overcomes a presumption that 
the compounds are obvious. *** 

In re Hocksema, 55 CCPA 1493, 1500, 399 F.2d 269, 274, 158 USPQ 596, 601 
(1968)(foot note omitted). Failure of the prior art to disclose or render obvious a 
method for making any composition of matter, whether a compound or a mixture of 
compounds like a zeolite, precludes a conclusion that the compound would have 
been obvious. 



In re Grose , 201 USPQ at 63-64 (emphasis added). Applicants note that in In re Grose the zeolites 
had the same chemical formula as the prior art zeolites and only differed in crystal structure. 

Another CCPA case similarly ruled that an anhydrous crystalline form of a material was 
patentable over a non-crystalline form. In re Irani , 166 USPQ 24 (CCPA 1970). As stated in that 
case, 

As stated above, even assuming that one skilled in the art could have 
predicted with reasonable certainty that crystalline anhydrous ATMP could be 
produced, we are not convinced by this record how this could be achieved. We note 
that neither the examiner nor the board has contended that a suitable process would 
have been obvious. The closest that either has come to such a contention is the 
examiner's statement based on the disclosure in the Irani patent, that, as it turns out, 
little modification of the Petrov *** process will produce a crystalline material.' 
Obviousness, however, must not be based on hindsight and a little modification' can 
be a most unobvious one. 

In view of the foregoing, we need not consider appellants 9 arguments 
regarding the differences in properties between appellants and Petrov's forms 
ofATMP. 



In re Irani , 166 USPQ at 27 (bold added). 



4. To Support A Finding Of Unpatentability Based On Cited Art. The Cited Art Must 
Provide A Means Of Obtaining The Claimed Composition Or Apparatus 

The proposition is well established that the cited art only renders a composition of matter or 
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apparatus unpatentable to the extent that the cited art enables the disputed claims, in other words, if 
the cited art provides a means of obtaining the claimed composition or apparatus. 

To the extent that anyone may draw an inference from the Von Bramer case 
that the mere printed conception or the mere printed contemplation which 
constitutes the designation of a 'compound' is sufficient to show that such a 
compound is old, regardless of whether the compound is involved in a 35 
U.S.C. 102 or 35 U.S.C. 103 rejection, we totally disagree. ... We think, 
rather, that the true test of any prior art relied upon to show or suggest that a 
chemical compound is old, is whether the prior art is such as to place the 
disclosed 'compound 1 in the possession of the public. In re Brown . 141 
USPQ 245, 248-49 (CCPA 1964)(emphasis in original)(citations omitted). 

Similarly, see In re Hoeksema . 158 USPQ 596, 600 (CCPA 1968)(emphasis in original): 

We are certain, however, that the invention as a whole is the 
claimed compound and a way to produce it, wherefore appellant's 
argument has substance. There has been no showing by the Patent Office 
in this record that the claimed compound can exist because there is no 
showing of a known or obvious way to manufacture it; hence, it seems to 
us that the 'invention as a whole,' which section 103 demands that we 
consider, is not obvious from the prior art of record. 

While there are valid reasons based on public policy as to why this 
defect in the prior art precludes a finding of obviousness under section 103, 
In re Brown, supra, its immediate significance in the present inquiry is that it 
poses yet another difference between the claimed invention and the prior art 
which must be considered in the context of section 103. So considered, we 
think the differences between appellant's invention as a whole and the prior 
art are such that the claimed invention would not be obvious within the 
contemplation of 35 U.S.C. 103. 

The Federal Circuit has further emphasized these issues. "But to be prior art under section 
102(b), a reference must be enabling. That is, it must put the claimed invention in the hands of one 
skilled in the art." In re Sun , 31 USPQ2d 1451, 1453 (Fed. Cir. 1993)(unpublished). Assertions in 
a prior art reference do not support an anticipation or obviousness rejection unless the references 
place the claimed invention in the hands of the public. Beckman Instruments Inc. v. LKB Produkter 
AB, 13 USPQ2d 1301, 1304 (Fed. Cir. 1989). "In order to render a claimed apparatus or method 
obvious, the prior art must enable one skilled in the art to make and use the apparatus or method." 
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Id. While a properly citable reference is prior art for all that it teaches, references along with the 
knowledge of a person of ordinary skill in the art must be enabling to place the invention in the 
hands of the public. In re Paulsen , 31 USPQ2d 1671, 1675 (Fed. Cir. 1994). See also In re 
Donohue . 226 USPQ 619, 621 (Fed. Cir. 1985). 

B. Analysis - Rejection Over Takeda et al. 

The Examiner asserted that the claims met the particle size limitations as well as the 
distribution of particle sizes. The Examiner further asserted that the Takeda patent disclosed 
particles with a diameter of "about 5 nm." Furthermore, The Examiner asserted that the Takeda 
reference inherently discloses a varister and teaches the stoichiometry of zinc oxide. In addition, 
the Examiner asserted that the Takeda patent disclosed a white metal oxide comprising 
antimony. With all due respect, Applicants maintain that the Examiner has fallen far short of 
establishing prima facie anticipation for the reasons described in the following. 
1. Group 1 Claims 

Scope of Claim 1 

In an Advisory Action dated September 29, 2004, the Examiner stated "The fine particles 
meet the claims before and after being formed into a composition. As for the latter, Applicants' 
claim does not preclude other elements." This statements suggests that the Examiner is taking an 
inappropriate meaning for the term particle. 

First, an article should be scrutinized based on what it is and not based on how it is 
formed or what its components could be. With respect to the Takeda patent, the fine powders are 
used to form composite particles. The composite particles are not still fine particles, and 
similarly a car is not steel ingots. From that perspective, one must separately examine the 
composite particles or the fine particles to see if they anticipate Appellants' claimed invention. 

It is definitely true that Appellants' claims do not preclude other elements. Thus, from a 
composition point of view alone, the composite particles may possibly meet the feature relating 
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to crystalline zinc oxide composition. However, the composite particles do not meet the other 
features of Appellants 1 claimed invention as explained in detail below. Similarly, the fine 
particles do not meet all of the claim features as described in detail below. However, before 
completing the analysis, the meaning of the term particle is considered. 

The plain and clear meaning of a particle in this context is a separate entity that can be 
identified distinct from other particles. However, in the material community, the term primary 
particle is sometimes used to refer to particles that are formed as intermediates in the synthesis 
process but are fused into the ultimate particles. Since the ultimate particles may have properties 
that reflect the intermediates it can be convenient to refer to primary particle size as a property of 
the ultimate or secondary particles. If the process used to form the particles does not produce 
intermediate particles, the primary particles and secondary particles are the same. Nevertheless, 
as disclosed and claimed by Appellants it is clear that the claim term particle is referring to 
physical particles or secondary particles, and not to fused primary particles. This is the ordinary 
meaning, and there is no reason from Appellants' specification to give the term a different 
meaning. 

Analysis of Group 1 Claims 

The Takeda patent discloses two materials that could but do not fall under Applicants' 
claims. One of these materials is referred to as a fine powder and the second material is a 
composite. The relationship of these materials is described schematically in a diagram in 
Appendix C. Specifically, the fine particles are incorporated into the composite particles. 

The composite particles are easy to distinguish over Applicants 1 claimed compositions of 
matter. The composite particles can comprise crystalline zinc oxide. However, the composite 
particles have average particle sizes of 0.1 to 10 microns. See, for example, column 25, lines 29- 
30. It is not clear whether or not the uniformity specified in the Takeda patent for the composite 
particles falls within Applicants 1 claimed uniformity. But this is irrelevant since the composite 
particles do not have the claimed average particle size. Specifically, about 95 nanometers is less 
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than 100 nanometers or 0.1 microns. Therefore, the composite particles clearly do not anticipate 
Applicants' claimed invention. 

The Examiner asserted in the Advisory Action of September 9, 2004, that the fine 
particles anticipate before incorporation into the composite particles. Unfortunately, the 
Examiner has never explained the basis for this position. Under the clear law, the Examiner has 
the burden of establishing prima facie anticipation by showing that all the claim limitations are 
found in a single reference and arranged as in the claim. The Examiner has failed to do this. 
Nevertheless, while Appellants have no obligation to do this, Appellants will explain why the 
fines do not meet the claim limitations, to advance prosecution of the case. 

As Appellants have repeatedly pointed out, the Takeda patent does not teach the claimed 
uniformity for the zinc oxide fines. With respect to the process for make zinc oxide, Example 14 
described the formation of large agglomerates. These agglomerates are pulverized to make the 
fines. Referring to Fig. 2 and the discussion in column 89, lines 11-21, it is clear that the fines 
are primary particles that are agglomerated. The fragments in Fig. 2 are just that fragments. The 
resulting "particles" seen in Fig. 2 are in a wide range of shapes and sizes consistent with the 
particles being fragments. These fines in no way have a uniformity close to the uniformity 
disclosed and claimed by Appellants. Therefore, the fine zinc oxide particles clearly do not 
come close to rendering Appellants 1 claims prima facie anticipated. 

The Examiner has clearly fallen far short of establishing prima facie anticipation. Claims 
1-3, 27 and 29 are not anticipated by the Takeda patent. 

Group 2 Claims 

Claims 4, 5 and 25 specify the uniformity with respect to the lack of particles with 
especially large diameters. As discussed above, the Takeda particles are formed by grinding 
which results in a wide range of particle sizes. Since grinding is an imprecise process, there will 
remain some ineffectively ground particles. Thus, the resulting particles will not lack especially 
large particles. Therefore, these claims are clearly not anticipated, and the Examiner has clearly 
failed to establish prima facie anticipation. 
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Group 3 Claims 

Group 3 claims are directed to a resistor, varistor and a varistor with a non-linear voltage 
dependence. The Takeda patent does not discuss any of these devices. The Examiner asserts 
that the Takeda patent inherently discloses these devices. The only possible basis for this 
assertion is that the powder or generic structures formed from the powder is basically a resistor. 
According to the Webster's 10th Collegiate Dictionary, a resistor is "a device that has electrical 
resistance and that is used in an electrical circuit for protection, operation, or current control." 
Applicants specification shows one embodiment with electrical leads. While this is not the only 
embodiment of a resistor certainly, the Examiner has not pointed to any structure in the Takeda 
patent that necessarily (as required by law) could be incorporated as is into an electrical circuit. 
Therefore, the Examiner clearly has fallen far short of establishing prima facie anticipation. 

Group 4 Claims 

Claim 26 indicated that 95% of the particle are not rod shaped in that they have an aspect 
ratio less than two. Referring to Fig. 2, the prominent particle in the view has a length of roughly 
8.5 centimeters and a width of about 5.5 centimeters. Presumably, the magnification is not 
distorting the shape of the particles. While the aspect ration of this one particle is less than two, 
about 1.55, it seems unlikely that these fragments will have less than 5 percent of the particles 
with an aspect ratio less than 2. In any case, the Examiner has not asserted how this condition is 
met by the particles in the Takeda patent. Therefore, the Examiner has clearly failed to assert a 
case of prima facie anticipation of claim 26 over the Takeda patent. 

Group 5 Claim 

Claim 28 specifies that the zinc oxide has a stoichiometry of ZnC>2. The Takeda patent 
indicates only a stoichiometry of ZnO. The Examiner indicated that the reference "teaches the 
stoichiometry of zinc oxide." Perhaps ZnO, but not ZnC>2. Since the reference falls far far short 
of disclosing identically the claimed invention, the Takeda patent clearly does not anticipate 
Applicants' claimed invention, and the Examiner has failed to assert a case of prima faice 
anticipation. 
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Group 6 Claim 

Claim 30 indicates an electrical resistor further comprising a metal/metalloid oxide 
selected from a particular group. As noted above, the Takeda patent does not disclose an 
electrical resistor structure. The Examiner points to the disclosure of a white metal oxide, but the 
Examiner does not point to the white metal oxide within an electrical resistor. Again, the 
Examiner has fallen far-far short of establishing prima facie anticipation. 



The Examiner has failed to assert a prima facie case of anticipation for any of the claims. 
Appellants have further explained why the Takeda patent clearly does not render Applicants 1 
claimed invention anticipated. 



Applicants submit that claims 1-5, 7-9 and 25-30 are free of the Takeda patent. 
Applicants believe that the Patent Office has failed to meet their burden of persuasion with 
respect to unpatentability of any of the claims on the present record. Thus, Applicants 
Respectfully request the reversal of the rejections of claims 1-5, 7-9 and 25-30 and allowance of 
the application. 
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APPENDIX 1 



A collection of particles in a powder comprising crystalline zinc oxide, the collection of 
particles having an average diameter less than about 95 nm and a distribution of particle sizes such 
that at least 95 percent of the particles have a diameter greater than about 40 percent of the average 
diameter and less than about 160 percent of the average diameter. 

2. The collection of particles of claim 1 wherein the collection of particles have an average 
diameter less than about 45 nm. 

3. The collection of particles of claim 1 wherein the collection of particles have an average 
diameter from about 5 nm to about 25 nm. 

4. The collection of particles of claim 1 wherein effectively no particles have a diameter 
greater than about four times the average diameter of the collection of particles. 

5. The collection of particles of claim 1 wherein effectively no particles have a diameter 
greater than about three times the average diameter of the collection of particles. 

6. (Cancelled) 

7. An electrical resistor component comprising the collection of particle of claim 1 . 

8 . The electrical resistor component of claim 7 wherein the component is a varister. 



9. The electrical resistor component of claim 8 wherein the varister has a non-linear voltage 
dependence. 
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10-24. (Cancelled) 

25. The collection of particles of claim 1 wherein effectively no particles have a diameter 
greater than about two times the average diameter of the collection of particles. 

26. The collection of particles of claim 1 wherein at least 95 percent of the particles have ratios 
of the dimension along the major axis to the dimension along the minor axis less than about 2. 

27. The collection of particles of claim 1 wherein the zinc oxide has a stoichiometry of ZnO. 

28. The collection of particles of claim 1 wherein the zinc oxide has a stoichiometry of Zn02. 

29. The collection of particles of claim 1 wherein the zinc oxide has a Zincite crystal structure. 

30. The electrical resistor component of claim 7 further comprising metal/silicon oxide particles 
selected from the group consisting of B12O3, St^, Si0 2 , Co 2 03, and MnC>2. 



31-40. (Cancelled) 
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Before JERRY SMITH, BARRETT, and RUGGIERO, Administrative Patent- 

Judges . 

BARRETT, Administrative Pa tent Judge . 



DECISION ON APPF.AT. 

This is a decision on appeal under 35 U.S. C. § 134 from 
the examiner's final rejection of claims 1-6 and 20-30, all the 
pending claims in the application. 

We affirm. 



1 Application for patent filed October 31, 1997, entitled 
" Phosphors . " 
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BACKGROUND 

The disclosed invention involves fluorescent particles with 

average dimensions of 5 to 100 nanometers (nm). , called 

nanoparticles, which have a very uniform distribution of 

diameters. The fluorescent particles emit light in response to 

electrical stimulation. Therefore, the particles are suitable 

for incorporation into display devices wherein the particles are 

selectively excited to produce an image. The use of highly 

uniform particles provides for greater control over the emissions 

of the particles. Particles with a narrow particle size 

f distribution have a corresponding light emission band covering a 

narrow frequency range (color) . The uniformity of the particles 

leads to processing advantages with respect to the formation of 

thin layers with sharp edges. Nanoparticles with a very narrow 

particle size distribution are produced by a laser pyrolysis 

system described in the disclosure, but not claimed. These 

highly uniform particles are particularly well suited for the 

formation of improved display devices. 

The following claim further illustrates the invention. 

1. A display device comprising phosphor particles 
having an average diameter less than about 100 nm and 
wherein the phosphor particles comprise a collection of 
particles having a diameter distribution such that at least 
about 95 percent of the particles have a diameter greater 
than about 40 percent of the average diameter and less than 
about 160 percent of the average diameter. 
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The examiner relies on the following references: 

Jaskie 5,442,254 August 15, 1995 

Bhargava 5,455,489 October 3, 1995 

Claims 1, 4-6, 20-25 and 27-30 stand rejected under 
35 U.S.C. § 103(a) as being unpatentable over Jaskie, 

Claims 2, 3, and 26 stand rejected under 35 U.S.C, § 103(a) 
as being unpatentable over Jaskie in view of Bhargava. 

We refer to the final rejection (Paper No. 18) (pages 

referred to as "FR ") and the examiner's answer (Paper No. 24) 

(pages referred to as " EA 11 ) for a statement of the examiner 1 s 
rejection, and to the appeal brief (Paper No. 23) (pages referred 

to as "Br ") and the reply brief (Paper No. 25) (pages referred 

to as ( "RBr ") for a statement of appellants 1 arguments 

thereagainst . 

OPINION 

Grouping of claims 

The claims are argued to stand or fall together (Br5) . 
Therefore, for purposes of this appeal, the claims will stand or 
fall together with claim 1 . 

The disc losed and claimed invention 

Appellants describe a laser pyrolysis system for "the 
production of particles with a highly uniform size distribution 
and structural homogeneity 1 ' (spec, at 11, lines 19-20) , The 
"collection of particles has an average diameter . . . preferably 
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from about 5 nm to about 100 nm" (spec, at 18, lines 5-8). in 
addition, "the particles generally have a distribution of sizes 
such that at least 95 percent of the particles have a diameter 
greater than about 4 0 percent of the average diameter and less 
than about 160 percent of the average diameter" (spec, at 19, 
lines 6-10) . The specification describes that very small 
particle diameters allow for adjustment of emission 
characteristics without the need to activate the particles with a 
second metal (spec, at 20, lines 1-4) and that the particles may 
be phosphors (spec, at 21, lines 15-16) . 

Appellants seek to claim phosphor particles having a 
particular average size (i.e., "an average diameter less than 
about 100 nm" in claim 1) and uniformity (i.e., "about 95 percent 
of the particles have a diameter greater than about 40 percent of 
the average diameter and less than about 160 percent of the 
average diameter" in claim 1), the average diameter ±60%, without 
claiming the method of producing the particles. The size and 
uniformity of the particles are said to result from the disclosed 
laser pyrolysis system; however, since the laser pyrolysis system 
is not claimed, particles having the claimed size and uniformity 
produced by any process will satisfy the claims. 

It is apparently appellants ■ position (although not 
expressly stated) that they are entitled to broadly claim the 
particle size and uniformity limitations without claiming the 
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method of production because they were the first ones to come up 
with a method that allows production of particles having these 
uniformity characteristics. 

The rejection pvgy Jagki? 

Jaskie discloses that the properties of quantum contained 
particles are designed chiefly by selecting the size (diameter) 
(col. 6, lines 39-41) . It is disclosed that the color of the 
emitted light is adjusted, or tuned, by adjusting the size 
distribution of the particles during manufacture (col. 6, 
lines 43-46) . It is disclosed that 50 A (5 nm) diameter 
particles have a yellow to yellow orange color, reducing. the size 
of the particles moves the emitted color to the blue end of the 
spectrum, and by increasing the size, the emitted color is moved 
toward the red end of the spectrum, with the maximum size being 
100 A (10 nm) (col. 6, lines 46-54). The particle materials 
provide luminescence (col. 5, lines 6-12) and are "phosphors," as 
claimed. Thus, Jaskie discloses quantum contained phosphor 
particle sizes approximately 10 times smaller than appellants' 
particle sizes and used for the same purpose. 

Jaskie discloses two methods of manufacturing quantum 
contained particles, the micelle or inverse micelle technique and 
an etching technique (col. 6, line 62 to col. 7, line 27), and a 
method of size selection (col. 7, lines 28-40) . The micelle or 
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inverse micelle technique is described to produce nanocrystals 
where " [v] ariations in size are generally in the range of ±7% in 
diameter 1 ' (col. 7, lines 10-11). Accordingly, although not noted 
by the examiner or appellants, it appears that Jaskie discloses a 
method of producing particles having a highly uniform 
distribution of diameters within the claimed range (although 
Jaskie does not specifically mention a 95 percent figure) . 
Nevertheless, we also consider the examiner's reasoning. 

The examiner finds that Jaskie does not disclose the claimed 
range of particle sizes (FR3) . The examiner states (FR3) : 
"Jaskie teaches, however, that the specification of a desired 
particle range is within the level of skill of the art. See 
col. 7, lines 34-40. It would have been obvious to specify a 
desired particle range because the specification of a desired 
particle range is generally recognized to be within the skill of 
the art." Appellants admit that "the Jaskie patent discloses 
the desirability of having highly uniform fluorescent particles" 
(Br5) and do not appear to challenge the examiner's conclusion. 

The examiner further reasons that taking particles in Jaskie 
having a yellow color with a 50 A (5 nm) size as the average 
particle size, the narrower ± 40% range of particle size recited 
in claim 5 would require a range of particle sizes from 3 to 7 nm 
(FR3) . The examiner reasons that the wavelength range of visible 
light from 400 to 800 nm would yield a particle distribution of 
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from 4.14 to 5.84 nm which is within this range (FR3) . That is, 
yellow light has a wavelength of about 590 nm which corresponds 
to a 5 nm particle size. Assuming the particle size is 
proportional to the wavelength, then blue light (at one end of 
the visible light range) with a wavelength of 400 nm has a 
particle size of 3.39 nm and red light (at the other end of the 
visible light range) with a wavelength of 700 nm (note that 
Jaskie discloses a range of 400 nm to 690 nm for visible light, 
col. 1, line 49) has a particle size of 5.93 nm, which is within 
the claimed range of particle sizes. Appellants do not challenge 
this reasoning. We agree that one of ordinary of ordinary skill 
in the art would have been motivated from Jaskie to select a 
highly uniform distribution of particles sizes in order to 
maintain a desired color. If one skilled in the art wanted to 
maintain a yellow color, for example, the range of particle sizes 
would be narrower than for the range of visible colors in the 
examiner 1 s example . 

The issue 

Appellants do not contest that Jaskie discloses or makes 
obvious the particle size and uniformity limitations of claim 1. 
And, appellants do not contest that Jaskie discloses how to make 
particles having the claimed sizes mixed with other sizes. 
Instead, appellants argue that Jaskie does not enable one skilled 
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in the art to separate out particles into a batch having the 
claimed distribution range of sizes. Therefore, it is apparently 
appellants 1 position (although not expressly stated) that they 
are entitled to broadly claim the particle size and uniformity 
limitations without reciting the method of production because 
they were the first ones to come up with a method that allows 
production of particles having the claimed distribution of sizes. 

The issue is whether Jaskie contains an enabling disclosure 
for making particles having the claimed distribution range of 
sizes. We agree that the disclosure must be adequate to permit 
one of ordinary skill in the art to make particles of the claimed 
size and size distribution. S££ Motorola Inc. v. I nterdigital 
Technology Corp, / 121 F.3d 1461, 1471, 43 USPQ2d .1481, 1489 (Fed. 
Cir. 1997) ("In order to render a claimed apparatus or method 
obvious, the prior art must enable one skilled in the art to make 
and use the apparatus or method. 11 ) . 

Jagfrj-e presumed enabled 

Jaskie claims "particles each quantum confined by a diameter 
dictated by a. specific desired color of emitted light" (claim 1) 
and having a diameter "less than approximately 100 A" (claim 9) . 
Jaskie discloses that a specific desired color, say yellow, 
corresponds to a particle diameter of about 50 A (5 nm) . For the 
particles to have a diameter dictated by the specific color 
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yellow, the diameters must be within a fairly narrow range around 
this diameter, much narrower than the range claimed by 
appellants, or other colors will be produced. Thus, the claims 
require particles of the claimed size and size distribution. 
Since Jaskie is a patent, it must be presumed that the disclosure 
enables one skilled in the art to make these particles. The 
presumption of validity puts the burden on appellants to prove 
that Jaskie does not have an enabling disclosure, rather than on 
the Office to prove that it does. The presumption may be 
overcome by sufficient evidence. 

Jaskie teaches a method of preparing particles wi th unjfrvrm size 

Jaskie discloses (col. 6, line 62 to col. 7, line 1): 

There are presently a wide variety of methods for 
manufacturing quantum contained particles, at least one of 
which uses a Micelle technique that basically allows the 
particles to be made in a bucket using wet chemistry The 
Micelle technique is a method of precipitation in a fluid in 
the presence of a stabilizer that binds to the growing 
crystal, preventing further growth or agglomeration. 

Jaskie describes an inverse micelle 2 example for making 

"nanocrystals (col. 7, lines 1-9) and states that " [v] ariations 

in size are generally in the range of ±7% in diameter" (col. 7, 

lines 10-11), implying that most particles are within this range, 

which is well within the claimed range. Thus, this technique of 

2 A description of "micelle" from the McGraw-Hill 
Encyclopedia of Science & Technology. Vol. 11 (7th ed. 
McGrawHill, Inc. 1992), pp. 117-118, is attached. 
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making nanoparticles does not appear to require size selection. 
Jaskie refers to a symposium paper, "Observations of Melting in 
30 A Diameter CdS Nanocrystals" by A.N. Goldstein, V.L. Colvin, 
and A. P. Alivasatos, in "Clusters and Cluster Assembled 
Materials," Materials Research Society Symposium Proceedings, 
Fall 1990, at col. 7, lines 11-17, which we consider to be 
incorporated by reference. A copy of this paper is attached. 
The paper states (p. 271-72): "New developments in chemical 
methods of preparation, have enabled the synthesis of narrow si7.fi 
distributions of highly crystalline, nanometer size, crystallites 
of inorganic semiconductors like CdS and GaAs" (emphasis added) . 
One footnote to this sentence refers to an article entitled 
"Surface Derivatization and Isolation of Semiconductor Cluster 
Molecules," by M.L. Steigerwald et al., J. Am. Chem. Soc. 110, 
1988, pp. 3046-3050 (copy attached), which describes preparing 
molecules of semiconductor solid that are size-selected, in 
particular, clusters that "have a mean cross sectional dimension 
of 17(3) by 19(5) A (where the numbers in parentheses are one 
standard deviation)" (p. 3048). Since one standard deviation 
includes about 68% of the things being measured and two standard 
deviations includes about 95% of the things being measured, it 
can be seen that two standard deviations is 17±6 by 19±10 A which 
is within the claimed distribution. Although the Goldstein and 
Steigerwald references are not applied in the rejection, they are 
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indirectly relied on by Jaskie and clearly demonstrate that .it 
was known to those in the art how to prepare nanoparticles with 
uniform size distributions. 3 We find that Jaskie describes 
making nanocrystals by an inverse micelle technique with a ±7% 
range of variation of diameter. Appellants do not address this 
di sclosed method of making nanocrystals of a uniform size either 
in the arguments or the expert declarations. 

Jaskie also describes manufacturing quantum contained 
structures down to 10 A by common etching techniques (col. 7, 
lines 17-27) . It appears that these structures could be 
considered particles; claim 1 does not require the particles to 
be in a free or powder form. 4 However, this method does not 
describe a range of particle sizes. Appellants do not address 
this method of making quantum contained structures . 



This technique of isolating clusters of nanoparticles 
[nanoclusters) of specific sizes by terminating the particle 
surfaces is also evidenced. by the discussion of nanoclusters in 
Kirk-Othmer Encyclopedia of Chemic al Technology . Vol. 18 (4th ed. 
John Wiley & Sons 1996), pp. 842-843, 859 (copy attached) at 
p. 843: "With the proper surf ace -capping agents, clusters of 
varying sizes can be isolated as powders . . . . " Kirk-Othmg-r is a 
standard reference work that is cited only to substantiate facts 
in the evidentiary showing. 

A This manufacturing technique also appears to be mentioned 
in Kirk-Othmer. p. 843: " [S] emiconductor nanoclusters can be 
directly synthesized in the polymer film (26-30)."). 
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AppejUaHtg' arguments and expert declarations a re not- perauaaivA 
tQ Show that Jaskie lacks an en abling disclosure 

Jaskie discloses (col. 7 , lines 28-40) : 

The tuning (size selection) is also accomplished in a 
variety of ways, at least one of which includes a wet 
filtering technique. The quantum contained particles (of 
all sizes) are suspended in a wet mixture. One end of a 
cloth is immersed in the liquid and the mixture is allowed 
to move up the cloth by capillary action, aided by an 
electric field if desired. The quantum contained particles 
will move up the cloth a distance directly proportional to 
their size. Thus, at a predetermined height on the cloth 
all of the quantum contained particles will be substantially 
the same size. Utilizing this or a similar technique the 
quantum contained particles can be easily separated into 
desired sizes. 

This describes a method of separating quantum contained particles 
based on their size. 

Appellants argue that "the production of particles with the 
claimed narrow particle size distribution was not within the 
level of skill in the art" (Br6) and "the discussion in the 
Jaskie patent [of wet filtration at col. 7, lines 28-40] did not 
permit the formation of the narrow particle size distributions 
disclosed and claimed by Applicants" (Br6) as evidenced by the 
declarations of Professor Singh and Professor Bricker (Br6) . 
That is, it is argued that the wet filtration method of Jaskie 
does not enable one of ordinary skill in the art to make the 
claimed invention. Appellants' arguments are best addressed in 
connection with the declarations on which they are based. 
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Sinah declaration 

Professor Singh is a consultant to the assignee NanoGram 
Corporation (Singh decl. f 5) and therefore is not a totally 
disinterested party. Nevertheless, Prof. Singh has impressive 
credentials and his testimony must be given weight. 

Initially, we note that Prof. Singh's declaration does not 
address making of uniform sized particles by the disclosed 
inverse micelle technique in Jaskie, which is said to produce 
particles having a variation in size of +7% (col. 6, line 62 to 
col. 7, line 17). Nor has Prof. Singh discussed Jaskie' s 
description of making quantum confined structures by etching (at 
col. 7, lines 17-27), where the particles are on a surface 
instead of in a free form. Prof. Singh's education and 
experience do not appear to be in the area of preparing 
nanoparticles by the chemical inverse micelle technique or the 
etching technique. Thus, even if Prof. Singh- s declaration is 
persuasive as to nonenablement of Jaskie »s wet filtration 
process, the declaration fails to show that other methods in 
Jaskie do not enable one of ordinary skill to make the claimed 
invention. Although the declaration is not persuasive for this 
reason, we nevertheless also consider Prof. Singh's testimony 
regarding the wet filtration method. 

Prof. Singh states that, to his knowledge, no experimental 
results based on the separation of nanoparticles by the wet 
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filtration process described by Jaskie' have ever been reported in 
the literature (Singh decl. f 7) and since such chromatography 
techniques are not known for the separation of nanoparticles,, a 
person of ordinary skill in the art would be expected to expend a 
substantial amount of inventive effort to practice the wet 
filtration technique and, absent at least some preliminary 
results, there would be no reasonable expectation of success 
(Singh decl. f 7). Prof, Singh offers his opinion that the wet 
filtration approaches in Jaskie are highly speculative (Singh 
decl. f 7). Prof. Singh states that based on his extensive 
knowledge in the nanoparticle field, it is his opinion that 
tuning could not be performed by the wet filtration approach 
outlined in Jaskie without the expenditure of an undue amount of 
experimentation (Singh decl. f 10) . 

The examiner states that Prof. Singh "fails to disclose what 
data basis [sic, databases] , public records, or patent files" 
(EA6) were searched, or "what search terms, logical statements, 
or search strategy" (EA6 ) were applied to support his statement 
that wet filtration is not described in the literature (EA6) . 

Appellants responds that "Professor Singh is one of the best 
experts in the world to attest to such a fact, i.e., that the 
Jaskie separation approach is not known to persons of skill in 
the art" (RBr5-6) and "Professor Singh is an invited speaker at 
most of the major particle science conferences in the world and 
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is, thus, aware of the cutting edge research being performed in 
the world" (RBr6) . 

. While Prof. Singh's has impressive credentials, a person 
cannot be expected to know everything in the art. This is the 
reason for the hypothetical person of ordinary skill standard in 
obviousness. We think it is not unreasonable, in questioning the 
enablement of a patent, to require some searching of the 
literature rather than reliance on personal knowledge to support 
a statement that Jaskie's method was not described in the 
literature. The burden of showing lack of enablement is on 
appellants. Prof. Singh's conclusion that it would require an 
undue amount of experimentation to make the wet filtration 
approach work is evidently based solely on his lack of personal 
knowledge of any description of the process in the literature. 
However, since we have no evidence of a search we can give little 
weight to Prof. Singh's statement that the process is not 
described in the literature or the conclusion that undue 
experimentation would be required. Prof. Singh's statement that 
the filtration approach in Jaskie is highly speculative is a mere 
conclusion which is not supported by any factual reasoning as to 
why the process would be unlikely to work as described. Thus, 
these statements by Prof. Singh are not entitled to weight. 

The examiner states that the declaration does not present 
any experimental results, evidence of tests conducted, methods 
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evaluated, or any factual evidence, but consists of mere 
arguments and conclusions (EA5-6) . 

Appellants argue that no experiments are performed without 
relying on the experience of the experimenters, experiments must 
be designed and interpreted, and "Professor Singh's Declaration 
is . . . based on a multitude of experiments performed by himself 
and his students [over the years] " (RBr4) . 

Nevertheless, past experiments which form the basis for 
Prof. Singh's experience and expertise are not experiments which 
show whether the wet filtration in Jaskie will work, in any 
case, the declaration does not provide any factual reasons, based 
on such prior experiments, why the wet filtration method in 
Jaskie would not be expected to work. 

Prof. Singh states that since the Jaskie wet filtration 
technique would be difficult or impossible to scale up to 
commercial quantities, it is unlikely that any effort will ever 
be spent on developing such approaches (Singh decl. f 8). 

Whether or not effort would be spent developing the Jaskie 
process does not tend to show that the Jaskie technique is 
unworkable as described to one of ordinary skill in the art. 

Prof. Singh states that at the time of filing there were no 
filtration approaches publicly known that could create a 
collection of phosphorescent nanoparticles with a very narrow 
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size distribution and, at best, these filtration techniques could 
only exclude micron scale contaminants (Singh decl. H 9) . 

This statement can be considered to be related to the 
statement in Jaskie that "[t]he tuning (size selection) is also 
accomplished in a variety of ways" (col. 7, lines 28-29) and the 
question of whether one of ordinary skill in the art knew of 
other ways to' perform size selection. Assuming it is correct 
that there were not other publicly known filtration approaches 
for nanoparticles, this does not prove that the wet filtration 
approach will not work and does not prove that other approaches 
for size selection were not known. 

For the reasons stated above, the declaration of Prof. Singh 
is not entitled to weight. 

Pricker declaration 

The declaration by Professor Bricker, submitted with the 
amendment after final on October 10, 2000 (Paper No. 21) , was 
deemed untimely by the examiner and it was noted that it would 
not be considered in the advisory action of October 20, 2000 
(Paper No. 22) , Nevertheless, since the examiner's answer refers 
to the declaration by Prof. Bricker, it appears to have been 
considered and will be addressed here. 

Initially, we note that Prof. Bricker ! s declaration also 
does not address making of uniform sized particles by the 
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disclosed inverse micelle technique in Jaskie, which is said to 
produce particles having a variation in size of ±7% (col. 6, 
line 62 to col. 7, line 17). Nor does Prof. Bricker discuss 
Jaskie 's description of making quantum confined structures by 
etching (at col. 7, lines 17-27). Prof. Bricker's education and 
experience do not appear to be in the area of preparing 
nanoparticles by the chemical inverse micelle technique or the 
etching technique. Thus, even if Prof. Bricker's declaration was 
persuasive as to nonenablement of Jaskie 's wet filtration 
process, the declaration fails to show that other methods in 
Jaskie do not enable one of ordinary skill to make the claimed 
invention. Although the declaration is not persuasive for this 
reason, we nevertheless also consider Prof. Bricker's testimony 
regarding the wet filtration method. 

Prof. Bricker's declaration of unworkability seems to be 
based on the fundamental assumption that a process where a 
mixture of different sized particles is continuously loaded onto 
the cloth will not work to separate different size classes of 
quantum particles because particles are continuously remixed with 
particles of other sizes as additional particles are loaded onto 
the cloth (Bricker decl. 1 9) . We interpret this to mean that if 
it is assumed that 50 A particles climb to 10 inches and 30 A 
particles climb to 11 inches, under Jaskie 's technique one can 
never separate out 50 A particles because there is always some 
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smaller particles on their way through this zone on the way to a 
higher point in a continuous process. 

The flaw in this reasoning is that Jaskie does not say that 
the process must be continuous (or commercial) . The process can 
be a one-time run where the particles climb to a level depending 
on their size and the cloth is cut at an appropriate zone to 
retrieve particles of a specific desired size range. Because the 
declaration seems to be based on an erroneous assumption, Prof. 
Bricker' s declaration is not persuasive. 

Prof. Bricker also discusses that Jaskie provides no direct 
information on the properties of the liquid that the particles 
are suspended in, the surface characteristics of the cloth, or 
the surface properties of the quantum particles (Bricker decl, 
K 10) . It is stated that "the surface properties of the cloth 
used in the described separation is critical" (Bricker decl. 
1 10) and that no cloth exists which provides differential 
partitioning of the solutes, i.e., the quantum particles, between 
a mobile phase and a stationary phase, the cloth (Bricker decl. 
H 10) . It is argued that the addition of an electric field would, 
not solve these problems (Bricker decl. % 11) . 

To the extent these reasons are dependent on the assumption 
of a continuous process, the reasons are not persuasive as 
already discussed. In addition, we note that the description in 
Jaskie is directed to the person of ordinary skill in the art, 
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which is the art of separating solid inorganic nanoparticles, and 
thus does not need to disclose details which would be known to 
the person of ordinary skill. Prof. Bricker's declaration is not 
persuasive because it relies on the lack of express teachings of 
materials in Jaskie without addressing what would have been known 
one of ordinary skill in the art. 

Jaskie also discloses that »[t]he tuning (size selection) is 
also accomplished in a variety of ways" (col. 7, lines 28-29), 
although the only way described is wet filtering. Assuming that 
Prof. Bricker is correct that Jaskie does not enable one skilled 
in the art to make the claimed narrow particle size distributions 
by the wet filtration process, there is no evidence that one 
skilled in the art would not know of any other way to provide the 
required size selection. 

For the reasons stated above, the declaration of 
Prof. Bricker is not entitled to weight. 

Millipore product li terature 

Appellants cite product information in the brief from 
Millipore Corporation (Millipore) to show that commercial filters 
are not an effective means of creating narrow particle size 
distributions (Brl5) . 

The examiner states that the fact that appellants have found 
a vendor that provides a filter that is not suitable for 
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nanoparticle separation is not persuasive evidence that no such 
filter exists (EA7) . 

Appellants respond that the Millipore represents the latest 
advances in filtration technology for improving size uniformity 
and the fact that it is dated two years after appellants 1 filing 
date and does not disclose the filters has significant probative 
value (RBr6) . 

We agree with the examiner's position. The purpose of 
Millipore filters is to retain the small number of defect causing 
"large" particles (> 1 micron) without retaining the desirable, 
small particles (30 to 200 nm) . This does not prove that filters 
to filter out particles outside of a certain range do not exist 
or cannot be built. Appellants 1 argument based on Millipore is 
not persuasive that Jaskie is not enabled. 

Parker patent 

In the examiner's answer, the examiner refers to U.S. patent 
5,460,701 to Parker et al. as disclosing the use of a mechanical 
filter for the collection of nanocrystals (EA7) . Parker is not 
applied in any ground of rejection. 

Appellants argue that while Parker describes a filter for 
collecting nanoparticles, the collection process does not 
discriminate in size and is not relevant to the issue. of size 
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separation to produce a more uniform collection of particles 
(RBr7) . 

We agree with appellants 1 argument and find the examiner ! s 
reasoning to be unpersuasive . 

Lithium gepfrrfttion 

In the final rejection, the examiner referred to the use of 
chromatography to separate lithium-6 from lithium-7 (FR6) . 

Appellants argue that while chromatography is a well 
developed field for chemical and biochemical separation, this 
experience does not extend to the separation of solid inorganic 
particles by size (Brll) , It is argued that the examiner's 
reference to isotope separation of lithium is nonpersuasive 
because there is no expectation that ion-exchange chromatography 
would be expected to work for inorganic nanoparticles to separate 
them by size (Brll-12) . 

The examiner does not rely on the lithium example in the 
examiner's answer. Nevertheless, we agree with appellants 1 
argument and find the examiner's reasoning to be unpersuasive. 

Conclusion 

We find that Jaskie discloses a method of making 
nanoparticles having a variation in size of ±7%. This teaching 
has not been addressed in appellants 1 arguments or in the 
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declarations of Prof. Singh or Prof. Bricker and, so, it has not 
been demonstrated that Jaskie does not enable one of ordinary 
skill in the art to make the claimed invention. In addition, we 
are not persuaded by the declarations of Prof. Singh and 
Prof. Bricker that Jaskie does not enable one skilled in the art 
to make the claimed invention for the reasons discussed in 
connection with those declarations. Accordingly, we conclude 
that appellants have not shown error in the rejection of claim 1. 
The rejections of claims 1-6 and 20-30 are sustained. 

No time period for taking any subsequent action in 
connection with this appeal may be extended under 37 CFR 
§ 1.136 (a) . 

AFFIRMED 




JERRY SMITH 
Administrative Patent Judge 



^'LEE E. BARRETT 

Administrative Patent Judge 

^JOSEPH F. RUGGIERO 
Administrative Patent Judge 
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ABSTRACT 

Temperature dependent electron diffraction studies on 30 A diameter CdS 
nanocrystals urc described. The linear thermal expansion coefficient of the 
nanocrystals is 2.75 * 10** A/K.and the melting point is 575 K. These data are 
in contrast to hulk CdS which has a melting point of 1750 K and a linear expansion 
coefficient of 5.5 * 10<A/K.The observed depre*Ki 0 n in the melting point of these 
semiconductor cluster* is similar io effects observed in metals and molecular 
crystals, indicating that the phenomenon of reduced melting point in small systems 
is a general one regardless of the type of material. The observation of melting 
point depression in these clusters also has far reaching implications for the 
preparation or highly crystalline clusters of CdS, as well as for the use of these 
nanocrystals as precursors to ihin films. 

INTRODUCTION 

The reduction of the melting point in nanometer size metal and molecular 
crystals is well established experimental ly 1 -'. und is the subject of numerous 
theoretical studies and simulations'*. It is of interest to extend these studies of 
melting to other classes of materials. 
In particular, systems in which the 
bonding is more covalent and the 
structure more open, may behave 
differently. Also, studies or covalent 
systems would extend current models 
of melting which rely on the concept of 
surface tension, a term difficult to 
define for a covalent cluster. Finally, 
the study of melting in any cluster 
material lends insight into the stability 
of these meta&tuble systems, an issue 
vital to the development of new 
synthetic methods. 

Despite the many reasons to study 
melting in clusters, the field has been 
until recently limited to metals and 
molecular crystals. New developments 
in chemical methods of preparation, 
have enabled the synthesis of narrow 
Size distributions of highly crystalline. 




Figure t TEM of a CdS Nanocrystal 
of the type studied in this paper. The 
< 1 1 1 > axis is parallel to the beam axis. 
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nanomcier sue, crystallites of 
inorganic semiconductors like CdS «rtd 
CuAO' 7 . These materials are polar 
semiconductor); and huve open 
sirucmres. They are large enough to 
possess the bulk zincbiende crystal 
structure, but a large fraction of the 
moms arc on ihe surface. Uence.'u in 
(he mcial clusters, ii is expected ih«t 
ihc surface will p| uy « dominant role in 
their high temperature behavior 
Unlike mem/ clusters, these 
semiconductor nanocry.stal.< musi have 
ligand stabilizers on the surface in 
order to prevent aggregation of the 
colloids. It i* expected that these 
organic terminating moieties on the 
surface wili aUo influence the mcltlnc 
of these nanocrysials, 

EXPERIMENTAL 



30 A diameter CdS nanocrvsiais 
were prcpured usin K the revere 
micelle method*. Two .separate 
solutions of 500 ' 




4 0 6 0 rj 



4 0 2 O 0.2'fi 

- - -00 ml Kpectrog'rnphic if?!! * ? i < L eiPOn Din >^ion from 30 
grade heptane and 44.4 fi of dioctvl * (Jume e . r C <*S « an o crystals before and 
suifoNUccinate (A.O.T.) were pre pu red aflCr mtUm * 
under nitrogen. 2.34 £ 0 F CdCIO * 

nanocrystuls. The powder walfX^ ,n P«*«Pi»M«on of the 

The powder w« rcdisso"^ I n ml " .• r, "P" 1 ^ "r tb pe iroleu m e iher. 
10 200 ml peuo cum "he^f m e «d Jnd r" "f r,lt ?« d - re P™ipitaied by addition 

c/A'iec in ,he specimen pUne wiffioTK n lh e ' CCtr0 , n flu * of ahout «°° 
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beating indicate less than 6 K 
temperature rise induced bv the 
electron beam. The specimen 
temperature was controlled using a 
tantalum hot stage. The beam flux and 
the exposure time were maintained 
constant, and the electron diffraction 
patterns were collected at a scries of 
Temperatures. The samples were 
examined by energy dispersive 
spectroscopy before and ader the 
heating experiment in order to monitor 
pOKMblc : changes in the elemental 
composition (none were found). Real 
space images before and after heating 
are used 10 determine morphological 
changes in the nanocmtals. 




0 70 

Figure 3 The 220 diffraction peak at 
several temperatures. 



RRSULTS 

diJ?L le r,K? Ure dependence of the electron diffraction pattern From 30 A 
diameter CdS nanocrystals is j unrated in Fisures -> 1 n n \ 1 i„ 1 
temperature pattern of Figure 2. the UUZ§0 ko t ln\V<i Z Tc£7f 
ijncblende CdS ean be seen superimposed on the background from i the ^iran^iLn 
electron beam. Three additiona! peaks, due to the amor^ 
can he seen as well. As the sample is heated the intensity o ^tL electron 
diffraction peaks of the CdS drops off. This is illustrated for the 220 peak "f* 
3. Figure 4 .hows the logarithm of the intensity of the 1U 2(H) "nd 2* 0 m&& 

d^J'r^ rttlUr . e * BClWCCn 550 and 5H0 K th/intensity of the c J2k" ffi 
decreases more than two orders of magnitude. When the sample isl returned ,o 
room temperature the original CdS nlnocrysial electron ditt 
recovered (Figure 2, lower panel). The intensity of the diffra "on frim rh. 
recry.taHi.ed particles is higher, and the width of the peaks i " boi S™10% 
narrower due to an improvement in the cr y *uHinitv within the ^arVdo. A l h?^ 
coverages fusion of the nanocrystals PH " ClCil Al n.gh 

occurs, resulting in the formation of a 
sintered, polycrysialline film whose 
domain size is comparable to the size 
of nanocrystals initially deposited. 

The abrupt disappearance of the 
electron diffraction pattern of CdS 
nanocry.stals ai 575 K is due io melting 
of the 30 A diameter clusters. This is 
the first demonstration of the melting 
point reduction in a semiconductor 
nanocrysul. and is in agreement with 
studies of metal clusters which also 



1*9 OlfO t*C 

Figure 4 Log Intensity v.s, T for 3 peaks 
in the diffraction pattern. The sharp 
drop at 575K is due to meliing. 
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exh bu a depressed melting point. This result helps to clarify the role of refluxini! 
in cluster synthesis. It has heen observed thai refluxing of clusters in high boilins 
.solvents improves cluster crystaliinity, which in light of the melting point reduction 
progreJs 6 ^' A deUileU Sludy of lhermal Properties of these systems is in 
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Lasge inorganic closttar steSscoles ore interesting as repre- 
csatativea of a state of matter intermediate between molecules 
a£d cpc8afim^a)Hda. , The ^ifrere^ss are opscially evident in 
EflSscete that are fragments of the lattice of infinite soUd-siate 
owapa^s.* tosrn ctedies of fere semiconductor crystallites 
(ctabtiaagd as colloids) have described electronic properties that 
depend on the aiae of the eoUoidol psinicles 1 asd hatfe thereby 

ftJJLf n%S?^ ^v^Zt^-P***-- ,w ' ^ £a 2*- ^ ^. 56. (b) 
Ffcofe* 04 (te^ J4HM£^Eai. J. ha. Ed. E^i. l^S 

Sfc i i ' V4 ^ J ' M * : HoiBl * H - « «S 

CS05. (c) {Dacca. L O. PeS&c&tn 103?. ^ ' 



yielded insight into the transition from the molecular regime to 
the solid state. U is important for further examination of this 
transition to be able to prepare and isolate true molecules of the 
semiconductor solid that are sis-selected, having from 100 to 10* 
atoms, are soluble in convenient solvents, and are chemically 
protected from growth and aggregation into bulk solids. 

Colloids of II-VI crystallites small enough (550 A) to have 
incomplete band structure were first prepared by arrested pre- 
cipitation in homogeneous solution. 5 Setter size control and 
dispersion stability were achieved by arrested precipitation in 
structured media (zeolites, inverse micelles, polymer films, etc). a 
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parehacsd from MflflinsftrcdL Wa&er ocd raatissry d30»yoeG3iGd by 
efesIlHicn vith nitrcjon. Tte alj-fedcaiBm asd cflyUofloriani reaseata 
aere prepared via Uterotore raetfcwSgP aed otercS at 0 °C in thedrybm. 
Thrcsgkrat ihs test S3fTMS)j otaads for ^3<t?imabyfo3lyi)ochaiQai t 
PShSsTMS for pfe3ny!(trimetbyioUyl>c2feaicira, aad TefTSDMS^ for 
^fc7S^t^Mim3ibyidl3i)iQilarnua. TE23 ratio defied cs the motor 
ratio {H : OJ/|AOTJ . Votus of CP are norakaU given by the ratio of 
tfater psrpcsery added to iailial ccap. CcrracikaD to account for fay. 
Grcseopicity a&d/cr water cf hydration of lira ccap were not made asd 
t73ra found so be oot important in t&s ckcJl 

ffacpoBDlfca ^ a TypM The 
Gurfectom ACT (33.3 g. 75 nunc!) is purifcd aad desacsd by d&oJvina 
the ca£d m pstrotsum ether, ftftsrisQ to (Groove yinfefrsH and evaporating 
tiie nitrate to dryness. The dried surfactant is redtesfoed in heptane 
(1300 mL), and deoftygenated crater (4-3 mh) is added. The mixture 
is otirred rnasnet jcally until the austere frrarmeg homogeneous. This 
preparation civea a micrcsmuHoa rrith W n 3.2. 

TIVsMIrtoparodoacffSc^^ Aaol- 
cispflJ (1.12 mL) of the standard Cd** coMca n ad&sd to the above 
mccioemulsian. Stirring gitrea on optically bostoQQiLSoaQ micrcsrnuisKm 
with RCa^O. A solotica of SsCTMS), (210 pU 0.93 Eomoi) ia heptane 
(30 mL) is added quicEdy to the micresmulraoa vb cyhn^e. A color 
develops throughout the bomoseosoua njcrceEeslaion as the semicon- 
ductor panicles form. The absorption cpsctruoi cf Ike taxation shifts to 
its Caal> -psnaotssit form ever the time cfcassajk(fe?brgs ^0 tomunus 
(for small W). This surfactant-stabilized coJ&d can be treated in 0 
number of cays sahaequent to this preparation: (1) further surface 
chemical mcdulcation (cee belocr); (2) evapsrstion to dryaess; or (3) 
flesculatioA. Evaporation cf the mimiJmu lt^on to dfyneas yields colored 
coUd corfactant in ^hicfa the GdSe particles ore embedded. This sur- 
factant-part&e c oapg?ite may be redgsofeed in hydnsarboh to give an 
optically botitoseneeuscolotioa. These «datitrao are stable indefinitely, 
choarina little or no censitmty to air a&d/cr room light althousb come 
deterioration has basn aotioed over the space of 8*10 months in solution 
campies that have sees left unprotected from air and light. 

If the CdSe-contaiBing microemahhsta are oot evaporated tc dryness 
(therehy jaeovtos the oeoisesterad water), flcccolation of the semicon- 
ductor part&ea cosefs ottbin boars. Ftoocalatton occurs immediately 
If a large amoant of oater is added directly to the as-prepared micro- 
emsloisa. Tbe ftoccubted cslid does not redfesote in ony common 
or goatc or ucarsaoic cohrent. 

campJe of curfDCtant-ctabnizsl CdSs particles ia prepared as above. The 
Durfoce of the panieba b coated whh Cd^ by the addition of 0J mL of 
the stock Cd(aOa) 2 colutioa. After the emuiskm becomes optically 
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hepsme) is added via ayrmge. The miature becomes cloudy, and a 
colored precipitate is cottected either by cemrifugaticn or filtration. 
Eshatstrve nosbiss oftb p&ntem ether followed by air-drying gives a 
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Tfes yfe^d frcn th3 obwe csquence is 260 mg. This Is 53% of the total 
combined mass of Cd. Sc. and Pb added to the reaction mutture. The 
cappang reagent (PbSeTMS) is added in excess, and any unused 
PhSeTMS and ony possible byproducts such as PhiSe* are removed 
during the puriftcation process. Similarly, o dsftcieacy of Se(TMS), is 
assd in the first step. Therefore, in a cease, Cd K s also in excess at 
pomtQ olon^ the preparation. These froo points make the iotcrprctn t»on 
of the percent yield q bit vague. If it b a£sunts& based on rvsrall 
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Qfejofete oem cf reoosmo uit&ia on crder cf BKjQahEds cf those cited 
above) has bssa -*35B 63csd 03 tssol fcpat macs, or ~7S% bocsd 09 
Cd as the liaitiao voatfzsL 

Samptei prepared oesasdias to tfee ctvbo psescrtpta dscdvecoa* 
pfetery ia K^Mise. A^^ittea of p3tre3sasi Gtfear ca^csa represagatatica 
c^tfe3j^uc23dii®fi7a£itsn3L T&fe C2jus~5e con hs ccsd to remove oay 
trary flassekitGd eaiteJd mo&GsfeiS frsssafca mobsalar particles, sisos the 
tasted EaoterioJ do^ ^ d^ Prcdpitation of &n- 

coiubie, ftsssOatsd b^sctiqI bso bssa isdicati^ of iacomptete surface 
passsvatica aod cos OQs&aQy fca accMsd. 

Qcogg^s. WateiTCpjefa^C^H^aiidCdTeE^Sefn^), 
aad Te(T3DMS) 2 osd the corpspoadi^ metal sabs (Cd(Cloj 2 or 
HqCIs). The ^ooadnrQiat^ come fc? all to» coogs; oa daccrttje th3 
praparatEoa of HdSs. 

» « e SS w rf S®^)* » WD b B^epomLctartiaotTith 
0^3o(&?m3^^)c^csie^po^,I3otL(13 mmoJ)of UHBEt, 
in tbf, oEd I A$ c (13 otmol) cf (CH^a SuhssqueBt to formation! 
to mateszol fa trDEiferred vb coaula to Hoa 3 (1.32 c. U mmoi) ia 10 
mLofthf. toar5dhft?ry ca edditka 0 ja-blac& preamtote forms. After 
compistfi cdiStmo the oteore b auesed (in oir) to give o Wccfteclid that 
is ^ashsd (HA aostocs, then EtjO) aad dried ia air to oive 1 ,67 0 of 
Waca cdid nlwcg X-ray poster pattern obovys oaly H^jSe. Thisswss 
92%yisIdofHsS^baasd0aH6a^ v 

Tfcs preparatmao of QSSs aad CdTe ore EdenttcoJ encspt that the 
X-ray pooder paueras of the precipitated poodero ohocrcd oo mate 
(ne ither st arting mateiiaJa, predtscts, bw byproduct)), using our notice 
instrmsent Annealing the po^dero (t^mtorca from 250 to SCO °C) 
Cave poydsrs okoss pattemo cooked caly CdSe oad CdTc, respsctively. 
We roticaaltze this based en the toner difftianrity of Cd. obich require 
hi gher teayerotBres for cryotallisatica of the Cd materials than the 
corresponding Ho compounds. 

At no pmat durinQ any of the prepaxouons of bulb HsSe, CdSe. or 
CdTe was there oay evideace for the fo»-s2a4ioa of oay other phase. 
Specifically, no elemental cfealcoaen tTaa ever observed. 

Arrested precipitatioa from inorgamc aqueous icm has proven 
tobeqmtets^inprsparinseswmto Webscsme 
interested ia exteading this methodology and were led to bis- 
(trimethylsUyl)ehalcoieiiidea by tseveml reports to the literature 
which describe tbase oosspaands as orgaoometaJlic equivalents 
of cbalcogeoide dianioa3. lbA7 

We initially observed that treatzaeai of Cd(CI0 4 ) r 6M jO with 
an equimokr ammiflt of Se(TMS), in THF at room temperature 
gave immediate precipitation of a red-brocm solid whose X-ray 
ponder pattern abotved no reflections. Subsequent annealing of 
this solid gave hexagonal GdSe os the only observed solid-stale 
compouad. This preparative scheme was eittended to MtfSe {by 
using HgCI, in place of CdCCKWrSfy)) and to CdTe (by using 
Te(Si(CHj) : (C{CH J )j))j(Ten , 3DMS)2) in place of SefTMS),). 
In each case the II— VI cotopound of interest is the only solid-state 
product observed in the X-ray analysis. 

Given these results, we then attempted to control the crystallite 
growth by perforating tbe reaction in AOT/H 2 0/heptane reversed 
micelle solutions. Several groups have shown that the ratio W 
a [H 2 0]/[AOT] controls the size cf colloidal crystallites formed 
from ionic reagents We observe that the organotnetaUic 
reactions described above readily occur in reverse micelle sohitkm. 
After Cd** was dissolved in the ranter pools of A0T/H 2 O/hepta&e 
solutions (at a concentration of approximately one ion per pool) 
the resulting solution nas treated with a heptane solution jf 
Se(TEtf S)* This immediately produces intense color. A UV-vis 
spectrum characteristic of CdSe cluster crystallites 8 is observed. 
The crystallite absorption threshold shifts red with increasing W, 
as expected for increasing crystallite aze (Figure I ). Transnusica 
electron microscopy directly images CdSe crystallites in thin AOT 
soap films made by col bid evaporation (Figure 2). These internal 

(7) (a) Do, Y.; Simkoa, E. D.; Holm, R. H. isar^. Chem. BS35. 24 % 
18.,1-fl. (b) Do. Y4 Simoon, D. £.; Hcbm, (L H. taarg- CA#w. ICQ5. 2tf. 
28*7-32. (e) Fenifie. Da Hcchgenei. U Ohmer.J. Afigm. CHem., tat. £d. 
Engl. 11935, 24 t 706. (d) Schbiett, D. M4 Martin, M. J. J. Solut Stale Chem. 
1936, 64, 359-64. 

(8) Chesinoy. N.; Hull, R.; Brus. L. E. J. Cheat. Wyj. S93&, 55. 2237. 
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FlgEra 1. Optical absorptiea opactra <25 °C) of CdSe cluatsronynthss- 
ixed and csobibzed in ratoosanaloica asdia, Syathesb flmwK tifmy 

M; < A) o 0; < B) o (C) 87 o 5 A TOe teoeou ciae depsadent 
HOMO ->LUMO transition © marked uhboaafrew to each ease The 
curves are offset vertically for clarity. 

lattice iaases allm? analysis of the bee, chaps, and internal unit 
cdJofcjystaHte. ay»affite3^<m>r^ 
plane chow altercating tight sod torts tires representing planes 
ofatoms. T^3 cteoters afccc7 o eosTCvy das d&tribatiaa for smaller 
sizes made at tew ^. The clusters eawespcading to Figure la 
m 0) bave a mean crass cacticaal dtmdasiaa of I? (3) by 19 
(5) A (where the numbers in paraatbeses are one standard de- 
ration). As tberep^ dBstonceotoaQ <1U> is 331 A, these 
particles vary in diameter by only cue CdSs layer. Larger W 

am corresponds to *«45 A diamste? with a 25% siaai^ deviation, 
Thus this reaction yields micelle^scapsulated colloidal CdSe 
crystallites, in a fashion analogous to the previously reported 
oyntbej© of CdS in reverse nacelles^ In order to understand 
tag mscfeakan of case control in thsss preparations, performed 
the growth enperiment summarmed in Fjgare 3. Tol20mLof 
hsptane colutioa cemainiflg ACT (3.3 g;aC6M), water (420 uL. 
032 M). and OP* (oa the p?rchlcrate. OC6 mmol; 5 X 1<T* M) 
vw added SefTMS), (0.064 mmol nn 7 mmol of heptane). This 
Q£W om&il crystallites of CdSs ao ohcaTB by UV^ spectroscopy 
(traces in Figure 3). Sutesnuent to this cead formato. alternate 
aliJ^cf^QcdSs(TI^),o^cdd^ After each addition 
the UV-ris spsctrara eras reoos^sd (tmca boadcin thengure). 
Tfesse data cfeow &o ckonge on addition of excess CcP* (since the 
system & already Gd-rich) oad a abaft of the onset of absorption 
tokra^tfcvote^gpa The shift shows 

that mher then f timing more particles of the same size as the 
crtglaaias&s, she tssv cedfsdtm and selenium reagents add to 
She original CdSe aystGlliies, g&Rg Lsr&r panicles. In this sense 
the colloidal crystallites are inorganic living polymers: the 
crystallites are stable in the reverse micelles, yet their surfaces 
are reactive. Although this experiment m not conclusive, it doe? 
suggest a growth ntscbaaian far arrested precipitation in micelles 
We propose that particle gnwrtb cccara by addition of atoms (oi 
ions) one at a time, by exchange of Cd** between water pools, 
andbyaaoisanmnetafficrea^ Tbemkelie 
prevents cmiaaci tettteaj rw> large (grc^ias) crystallites, and the 
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Ffearoa. Top: X-ray pooder pattern of pheoykcapped CdSe cluster 
Jitter. ^^ofC^^^U^U^^^i^, GsSais 
for atone crease used cu> a pokier support. Bottom: Brfcnt fetd 
MBxntotnn electron micrographs bbo^ feint imafia of CdSe dastter 
mtemallaiUce structure. AcrystaBite (in> axis lies tote plane of the 
snjportjna substrate producing the pattern of alternating tight and dark 
lines. Tncaawphow carbon fitthsa^prc^ 
pattcro. At this large magnification, the crystaUite shape and eon© 
Become diffuse. 
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Fftm 1 UV-visible spsctre of the CdSe growth experiment Traces 
a through f are in the heptaue/AOT/H^> reaction medium, with the 
stnruag cadmium-coniottting solution as the reference. Twee & is in 
^/^w^ purc Py ridine 'efcrence. After addition of (a> 44 timol 
cf Se(TMS), to the initial Cd H solution (tee tut); (b) 30 «unol of 
Cd (as a imcellar solution); (c) 20 timol of SefTMS),; (d) 30 tmo\ of 
Cd»- (e) 30 pmol of SefJMS),; (0 60 Mmol of Cd*-. (g) SpScSum of 
capped CdSe molecular particles after iroUtioa. washins. aad redisso- 
lution in pyridine. 

crystallites grow until the supply of feedstoch Cd and Se is ex* 
bausted. In this way size control is statistical (onry a very small 
fraction of the micelles are eventual hosts to a CdSe particle) and 
kinetic (once a growth atom (ion) is attached to a growing 
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FHEOUEMCV i&tm) t REL TO CdSo 
£Euse<3L ^ aad 11 >03 NMR cpstjyn of coppai csmkomteeor dunes 
fcohsrf in pyridine. Spacira are ptoicd en tbe p scale (ftesnoVe shifts 
esTrapoading to toner gold) with oolEd lines threap the data to guide 
t^^e. Ssiefiive inccrpamtxcu of ^ fcotcsic hfcste in tbs dustero olds 
kiwqfwutottea of tae (Q)Afe2S3d!icsK33r(&3cMftof boCsCdSs 
fa c&xeroed for Saterior fefaebd ctastera. The Etapor etrntpnaeHt of iMn 
Uae (at ~Q ppai) unseam with increaonas particle oize. A sharp line 
in c^sarem b is nfcsresd for cteoasyu cstopicilly totefed is the setenioin 
bond©! to tbe organic ligoads. This sharp seaonasce appears approju* 
mately aidroy between tfesaaiffcD of CdSs oed tbe nest onjanoceleaide 
materials. 1b spartresra c ths ,n Cd opsamm of tbe dumer abo abotrs 
o band fag c&arocaeratte of the interior of the duster. if present, an 
cTBnncsadmfem siganl would lis upftsld from zero ppm. 

crystallite it doss aoi rsdissoh/e oa a competitive time scale). 
Eaperimentally there is no change in optical spectra if W is, in- 
c?€Q£3d after growth is complete, showing that dissolution does 
net uxur. 

Importantly, this ejEperiment suggests that a general ^surface* 
chemstry may be psrfom^S on these colloidal crystallites. It has 
tea reported that sUyloroaaoceieaides (e.g., RSeSiitrte,, R » 
organic moiety) react quiefdy with metal salts to form metal- 
tsteautaaoovatent bonds. 5 We now report that micelle stabilized 
CdSs crystallites having Cd-rieb surfaces similarly react with 
FfeSeTMS to give larger CdSe crystallites covered covalentiy with 
phenyl Ugands (eq I). The solution resulting from the stepwise 




oynthesis described atee was treated first with an additional 0.06 
JimrioTCd^tocovertbecsyat^^ (trace 
J). After a few seconds PhSeTMS (0.25 mmol in 16 mL or 
heptane) was o&ed. This gave the precipitatiofl of a red solid 
from the initially optically homogeneous, red colloid. The solid 
woo c^arated from thesupsmatantf by fihration (the filtrate being 
cotetess) and washed exhaustively with petroleum ether ar.d dried 
ip air. The solid sateequemty dissolved completely in pyridine, 
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490 S30 
WAVELENGTH (nm) 
PlGpre 3. Size-exdunica chrcmotograa of "capped 0 CdSs dusters iW 

Z^'^l^T"^^^ ^ 500 «*«■. Pyridine moWfe 
phase, 40 oQflhowmg ateorbaacs of the eluant at 375 am versus re- 
uauontime ^ b^crfttemnt^etotaosaEmctec^at I7^min. 
™."™P £ * °i ' ° 1« «sn repreaeau CdSe chaster diners, ood the 
assail at 213 wm to ?h&%. (b) UV-^ifeis o^cunSofthes^ 
at!6i>min. (c) UV-^ble cpotrum of lis psakaU?! miT ^ 

giving a solution whose UV-vis spectrum is shown as trace r to 
Figure 3. ° 

We propose that the solid b corapnssd of CdSe crystallites with 
surfaces protected with phenyl Uganda, based on tbe following 
evidence: (1) Electron micrographs of this "capped 0 material 
rejffecipitated from pyridine are identical in structure with these 
of th€ atrfactant-ctahiliaal uscappsd samples, showing crystaUita 
of cubic CdSe. (2) The X-ray diffraction powder pattern (Figure 
2) of the solid shows only bread peaks due to small zinc blende 
particles of CdSe. <3) m Cd NfttfR shows a broad peak (ca 50 
ppm upfield from bulb CdSe), and "Se NMR shows two non- 
overlapping regions of absorption: a sharp resonance (ca. 440 pnai 
downfield from CdSe) assigned to Se-Ph ( and a broad resonance 
with partially resolved structure (ca. 50-100 ppm upfield from 
CdSe) assigned to Se atoms in small CdSe crystallites (Figure 
4). (4) Far-infrared absorption spectra of a sample dissolved in 
a polystyrene film show a e* 190-cm" 1 peak characteristic of the 
dipolar longitudinal optical mode of a spherical crystallite, and 
resonance Raman spectra show a tt2Q6^nT l peak characteristic 
of an internal longitudinal optical mode. Analyses of NMR 8 and 
vibrational spectra are involved and will be reported separately. 
(5) Pyrolysis of a sample of the "capped* cluster yields bulk cubic 
CdSe as the only observed solid-state product, and ?hjSe> as the 
primary organic products. (6) Size-eaclusion chromatography 
of this materia) shows one major peak, and the UV-vis spectrum 
of the eluted peak is the same as that of the injected sample, (his 
observation showing that there is essentially only one type of 
species in solution (Figure 5). All this evidence supports our 
conclusion that the solid is composed of surface-derivatized CdSe 
crystallites. The NMR evidence and our mechanistic discussion 
suggest that tbe phenyl group is bonded to a surface Se atom that 
is pan of the sp J cluster network. We presently have no further 
evidence on surface reconstruction or bonding. 

The phenyl capping reaction effectively changes the crystallite 
i urface from hydrophihe to hydrophobic. The crystallites leave 



(I0> THayer, A. M.; Sicigerwald. M. L.; Duncan. T. M.; Doustess, D C 
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this reaction* even m the cample case «tf the reaction feetcjesa 
ttttadiene and etbytsae* h ctiD in coatroTefsy. h is poasioie, ta 
fact, bo eavisage thi?i2e dSpfe^at isiecfenaEma^ (i) a syvdmsass 
concerted approach, nawcMas a cyclic aromatic transition stsu 
(TS) viih the two oew C-C toads formed to equal ©neat; (ti) 
a two-stase asynchroaotss concerted mechanism in which these 
are two distinct stages to chaoges in the bonding sosts maiary 
bstween the reactaittE aad the saagle TSaad the others snaialy 
hetweea the TS acd products; (Si) a two-step process, which cosus 
in two Mueticaily distinct steps va a ctable dimdtcal mtermsdiate. 

In this paper we limit our atteatsoa only to the simple Dieb- 
Alder reaction hst^eea butadiene and ethylene. ExpsrimentaUy, 
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W77, 99. 4511. 

(20> Brown. F. K.; Hook. EC. N. Tetrahedron Lett. OT©0. 4669 
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silicon chain, giving rise to many interesting electronic properties (14,15). Be- 
cause of this o-conjugation, carrier transport along the silicon backbone is very 
efficient. The hole mobility of polysilanes, ca 1<T 4 cm 2 /V-s (16-19) is among 
the highest observed for polymers. Because the hole transport is through the 
<r-conjugated Si backbone, the hole mobility is insensitive to the ******* 
on the backbone. The hole mobilities of (phenylmethyl)polysilane (PMPS), 
poly(n-dodecylmethylsilane), polyto-propylmethylsilane), and poly(methylcyclo- 
hexylsilane) are essentially the same (16,17). The charge generation efficiency 
and the spectral sensitivity range of polysilanes are, however, limited. Both can 
be enhanced by doping with sensitizers such as fuUerenes (13). 

Other polymers in this category include cr-conjugated polygermylenes (20) 
and ^-conjugated polyacetylene, polythiophene, and poly(p-phenylenevmylene). 
The photoconductivity of many w-conjugated polymers can be enhanced by dop- 
ing with fuUerenes (21). 

Liquid Crystalline Systems. Conventional photoconductive polymers are 
amphorous or systems with low order. In the case of PVK, the hole moves by 
hopping between the pendent carbazole groups. The hole mobilities are usually 
low ~10 -6 cm 2 /V s, due to a trap-dominated hopping transport (6-8). One 
approach to enhancing the hole mobility is to use conjugated polymers such as 
(phenylmethyl)polysilane (PMPS) (9-12). Another approach is the use of ^hquid 
crystalline systems where, in principle, transport can occur between ordered 
mesogenic groups (22-24). 



CeHs 
CH 3 



The number of examples of liquid crystalline systems is limited. A simple 
discotic system, hexapentyloxytriphenylene (17) (Fig. 4), has been studied for 
its hole mobility (24). These molecules show a crystalline to mesophase tran- 
sition at 69°C and a mesophase to isotropic phase transition at 122°C (25). to 
the mesophase, the molecules exist in a discotic hexagonal columnar ordered 
structure, schematically shown in Figure 4. , , . _ 

The ordered columnar arrangement of the hexapentyloxytriphenylene 
molecules provides good overlap of the p-electrons of the triphenylene moieties 
along the director axis. This results in efficient hole transport in the mesophase. 
The hole photocurrent shows nondispersive transport with a high mobility up 
to 1 x l<r 3 cm 2 /V-s (24). j , . 

Nanoclusters/Polymer Composites. The principle for developing a new 
class of photoconductive materials, consisting of charge-transporting polymers 
such as PVK doped with semiconductor nanoclusters, sometimes called nanopar- 
ticles, Q-particles, or quantum dots, has been demonstrated (26,27). 

The foundation for this new class of material is based on the ability to 
synthesize small semiconductor particles, typically in the nanometer-size regime 
(28-30). The structures of these semiconductor nanoclusters are usually tne 
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Fig. 4. Hexapentyloxytriphenylene (17) and a schematic view of its columnar 
mesophase (24). 



same as those of the bulk crystals, yet their properties are remarkably differ- 
ent. The electronic properties of these clusters depend on the cluster size, a 
phenomenon commonly referred to as the quantum size effect (28,29). It is man- 
ifested as a blue-shift in the exciton energy and enhancement in the volume- 
normalized oscfllator strength as the cluster size decreases. An exciton is an 
electron-hole pair bound by Coulomb interaction. With the proper surface- 
capping agents, clusters of varying sizes can be isolated as powders and re- 
dissolved into various organic solvents in the same manner as molecules. By 
co-dissolving these clusters with the polymer, a thin film of nanocluster-doped 
polymer can be easily made by spin-coating. Alternatively, semiconductor nano- 
clusters can be directly synthesized in the polymer film (26-30). 

So far polymers such as PVK, polysilane, and amine-doped polycarbonate 
have been used as the charge-transporting matrices (26,27). A wide variety of 
semiconductor nanoclusters have been synthesized within these polymers (26,27). 
Many narrow gap and ir-sensitive semiconductors such as InAs normally cannot 
be made into high field, room temperature photoconductors for electrophoto- 
graphy purposes. Other than the typical difficulty of growing good quality large 
area thin film, the main problem is the dark decay owing to thermal excitation of 
carriers. By dispersing nanometer-sized InAs in charge-transporting polymers, 
the charge-generation efficiency of InAs is retained, but the dark decay problem 
is removed. An additional benefit is the ease of thin-film preparation with 
polymers. 

This new class of photoconductive nanocluster/polymer composites have not 
been extensively characterized and much work remains to be done. For example, 
the doping of semiconductor nanoclusters was shown to enhance the charge- 
generation efficiency of the polymer, but the effects on the transport properties 
are not yet known. Inorganic semiconductors such as CdS, Si, and Se have much 
higher OMT 1 cm 2 /V-s) carrier mobilities than organic polymers. Many of them 
are also electron-transport material, unlike polymers, which are usually hole- 
transport material. It is therefore of interest to examine the transport properties 
of composites containing small inorganic clusters embedded in polymers. 
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Muscovite is found in regionally metamorphosed 
Vinous rocks that formed under a wide range of 
In igneous rocks, it occurs in 
and as books in 
greisens 



^ jus rocks 
ifcal conditions. 



rue OT* 5 of granites, in aplites. and as 
f ffinao^- * « 8 characteristic phase of greisens 
Hfich arc produced when fluorine and other voiatiies 
introduced from granitic melts into adjacent rocks. 
£ridie is the name given to fine-grained white mica. 

rnuscovite. This mineral is a widespread gan- 
^pjjneral in many hydrothermaJ ore deposits, either 
f the deposits themselves or in the adjacent altered 
! "all T0C ^ S ' Para £ orute oocurs in schists, gneisses, 
fltiaitz veins, and fine-grained sediments. Phlogopite 
jTa product of regional metamorphism of impure 
-aenesian limestone. It is also characteristic of rnan- 
^erived kimberlites and inclusions in kimberiites. 
q( all the micas, biotite occurs in the widest range of 
ggoJogicaJ settings. It is common in the thermally me- 
Jajnorphosed rocks adjacent to granitic intrusions. In 
ftgionally metamorphosed rocks, it occurs in schists 
w ith chlorite, garnet, staurolite, kyanite, and silli- 
pjpite, although not all of these simultaneously. In 
plutonic igneous rocks, biotite is most common in in- 
(grmcdiate and acid rocks, but it even occurs in some 
pontes. Biotite books are found in pegmatites. Lepi- 
dolite is the most common lithium-bearing mineral 
and occurs almost exclusively in pegmatites with 
beryl* topaz, tourmaline, and other lithium minerals 
jucb as spodumene and ambiygonite. It is also found 
occasionally in granites and aplites. SeeApute; Gxak- 
ffi: Pegmatite. 

Uses. Commercial mica is of two main types: 
sheet, and scrap or flake. Sheet rnuscovite. mostly 
from pegmatites, is used as a dielectric in capacitors 
juid vacuum tubes in electronic equipment. Lower- 
quality rnuscovite is used as an insulator in home 
electrical products such as hot plates, toasters, and 
irons. Scrap and flake mica is ground for use in coat- 
ings on roofing materials and waterproof fabrics, and 
in paint, wallpaper, joint cement, plastics, cosmetics, 
well drilling products, and a variety of agricultural 
products. See Capacitor; Electric insulator; Silicate 
mistrals. 

Lawrence Grossman 



Mica schist 

A widely distributed group of rocks of medium to 
high metamorphic grade, composed essentially of 
mica and quartz and exhibiting a foliated or schistose 
structure which is easily revealed by the parallel ori- 
entation of the mica flakes. Varieties are biotite 
schists, biotite-sericite schists, biotite-chlorite schists, 
and albite-biotite schists. Of lower metamorphic 
grade and of fine grain are phyllites or chlorite-seri- 
cite schists, without biotite but otherwise similar to 
mica schists, into which they pass by gradual transi- 
tions. See Mica; Phylltte; Quartz. 

The simple mineral composition of the ordinary 
mica schist (quartz and micas with or without feld- 
spars) demonstrates the rule of the paucity of mineral 
Phases. Micas are members of a chemically complex 
mineral group, and during the metamorphism and the 
crystaJlobiastic growth of mica, all possible ions try 
to accommodate themselves in its crystalline struc- 
tofc: those that cannot are simply carried away. How- 
ever, this process cannot go on' indefinitely. Eventu- 
al| y the composition is overstrained and if. for 



example, the alumina concentration is high, new min- 
erals like andaJusite, sillimanite, cordierite, or alman- 
dine garnet may develop. Rare types contain corun- 
dum, paragonite. and fuchsite. Minor accessories arc 
ruuie. zircon, tourmaline, and iron ores. When feld- 
spar minerals are abundant, mica schist grades into 
gneiss: with an increase of quartz it grades into mi. 
caceous quartzite. 

Mica schists are most widely distributed in Precanv 
bnan areas and in the younger eroded mountain 
ranges where they usually represent metamorphic 
equivalents of aluminum-rich sediments (clays and ar- 
gillites). However, tuffs and certain acid" igneous 
rocks (rhyoiiies. granites) may form pan of the pri- 
mary constituents. Contrary to earlier belief, metaso- 
matic alterations are insignificant; the chemistry is 
conservative and reflects rather well the original com- 
position. See Metamorphic rocks. 

T. * W. Barth 



Micelle 

A colloidal aggregate of a unique number (50 to 100) 
of amphipathic molecules, which occurs at a well-de- 
fined concentration called the critical micelle concen- 
tration. In polar media such as water, the hydrophobic 
pan of the amphiphiles forming the micelle tends to 
locate away from the polar phase while the polar pans 
of the molecule (head groups) tend to locate at the 
polar micelle solvent interface. 

A micelle may take several forms, depending on 
the conditions and composition of the svstem. such as 
distoned spheres, disks, or rods (illus" a. b. and c). 
The dimensions of the panicle are derived from those . 
of the amphiphile. for example, a sphere radius of 
about 2 nanometers or a rod cross-sectional radius of 
2 nanometers. Frequently the polar head group is a 
salt which ionizes in polar media. The micelle may 
have about 309r of the amphiphiles in the ionized 
state. giving rise to a highly charged panicle sur- 
rounded by a cloud of counterions (ions with a charge 
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Microbial biofiim 



opposite to that 01 die micelle ions), and also coun- 
tenons bound into the micelle surface. Micelles axe 
formed in nonpoiar media such as benzene, where the 
amphiphiles cluster around small waterdroplets in the 
system, forming an assembly known as a reversed 
micelle (illus. J). 

When the surfactant contains two long alky! chains, 
a vesicle structure rather than a micelle is formed be- 
cause of geometric restraints. This entitv consists of 
two closed concentric spherical layers of surfactant 
which enclose an internal volume of water. Such a 
structure is similar to that of a biological membrane: 
micelles and vesicles mimic biological systems both 
in structure and in many kinetic processes. See Cell 

MEMBRANES. 

Miceilar systems have the unique propenv of being 
able to solubilize both hydrophobic and hvdrophilic 
compounds. They are used extensively in industry for 
detergency and as soiubiiizing agents. A stronc cata- 
lytic action is often associated with these systems and 
is attributed to the clustering of reactants'in the mi- 
celle, thereby creating high local reactant concentra- 
tion, and also to the strongly charged surface which 
influences the transition state of a reaction. See Deter- 
cent; Surfactant. 

The locally high concentration of guest molecules 
or reactants in a micelle surface leads to enhanced 
rates of reaction over those observed when the reac- 
tants are dispersed in the bulk phase. This catalytic 
effect can be as large as 1000-fold and can. in some 
cases, be used selectively. Photolysis of dialkyl ke- 
tones in micelles leads to radicals whose locai con- 
centrations are high. Only a portion of these radicals 
can react in micelles, those that have experienced spin 
relaxation due to their particular isotopic consti- 
tuency. The unreacted portion with a different iso- 
topic constituency diffuse into the bulk phase and 
give alternative products. The technique has been 
used successfully to produce isotopic enrichment. See 
Catalysis; Free radical . 

Micelles- play an important role in photo-induced 
reactions, in particular photo-induced electron transfer 
reactions. Anionic micelles such as sodium dodecyl 
sulfate strongly promote photoionization of several 
molecules (for example, phenothiazine, aminopyrene. 
or tetramethyl benzidine) located at the micelle* inter- 
face. The ionization threshold is reduced bv more 
than 3.0 eV [>70 kilocaiories (300 kilojoules) per 
mole), an effect not observed in homogeneous solu- 
tion. The electron of the guest molecule^is transferred 
to the aqueous phase and observed as a hvdrated elec- 
tron, while the cation is stabilized by 'the micelle. 
Electron transfer between two guest molecules, giving 
two radical ions, often occurs most efficiently on mi- 
cellar systems. The high local concentration' and the 
interface promote electron transfer and lead to effi- 
cient reaction. The charged micelle interface stabi- 
lizes the ion of opposite charge, while repelling into 
the bulk water phase the ion of like charge. This latter 
effect of the micelle surface leads both to efficient 
charge separation and to long-lived radical ions. The 
ions can be used to generate useful chemistry via sub- 
sequent reaction with other components of the sys- 
tem. In particular, the presence of catalysts such as 
colloidal platinum can lead to water breakdown, the 
radical anion donating an electron to the platinum 
which leads to the formation of hydrogen. These 
types of micelle-mediated processes are of use in the 
storage of solar energy. See Photochemistry. 

J. K. Thomas 
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An adhesive substance, the glycocalyx, and the bac- 
terial community which it envelops at the interface of 
a liquid and a surface. When a liquid is in contact 
with an inert surface, any bacteria within the liquid 
are attracted to the surface and adhere to it. In this 
process the bacteria produce the glycocalyx. The bac- 
terial inhabitants within this rnicroenvironmem benefit 
as the biofiim concentrates nutrients from the liquid 
phase. However, these activities may damage the sur- 
face, impair its efficiency, or develop within the bio- 
film a pathogenic community that may damage the 
associated environment. Microbial fouling or biofoul- 
ing are the terms applied to these actual or potential 
undesirable consequences. 

Microbial fouling affects a large variety of surfaces 
under various conditions. Microbial biofilms may 
form wherever bacteria can survive; familiar exam- 
ples are dental plaque and tooth decay. Dental plaque 
is an accumulation of bacteria, mainly streptococci, 
from saliva. The attachment of bacteria to the tooth is 
not random. Certain types of bacteria are specific to 
certain locations on the tooth: anaerobic bacteria are 
found deep within the biofiim, whereas aerobes are 
found near the plaque-air interface. The ability of the 
biofiim to concentrate nutrients is not important in 
this environment because the mouth itself is rich in 
nutrients; rather, the plaque protects the inhabitants 
from being transported by swallowing to a more hos- 
tile environment in the stomach. The process of tooth 
decay begins with the bacteria colonizing fissures in 
and contact points between the teeth. Dietary sucrose 
is utilized by the bacteria to form extracellular glu* 
cans that make up the glycocalyx and assist adhesion 
to the tooth. Within this microbial biofiim or plaque 
the metabolic by-products of the bacterial inhabitants 
are trapped; these include acids that destroy the tooth 
enamel, dentin, or cementum. See Periodontal dis 
ease; Tooth disorders. 

Mature and formation. The formation of a biofil* 
commences with the transportation of bacteria from 
the liquid phase to a contiguous surface. The mecha- 
nisms involved are sedimentation, chemotaxis- 
Brownian motion, cell surface hvdrophobicity, and 
fluid dynamic forces. A hypothesis explaining d* 
process of attraction postulates that different combi- 
nations of force affect the bacteria according to the* 
distance from the surface. Van der Waals forces op- 
erate at a distance greater than 50 nanometers frotf 
the surface and give a rapid but weak attraction; bo* 
van der Waals and electrostatic interactions occur to- 
gether between 10 and 20 nm from the surface At » 
distance of less than 1.5 nm from the surface, van def 
Waals forces, electrostatic interactions, and spectf c 
interactions occur, producing an irreversible bindinl 
between the bacteria and the surface. This binding * 
associated, in some instances, with the production V 
the bacteria of adhesive materials, such as exopoif 
saccharides, that form the glycocalyx. Not all of 
different adhesive media are known. Many factors 
feet the initial colonization of the surface, including 
surface roughness, the nature of the surface, the * 
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